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A novel projection display, basal onanew phenomenon of voltage-induced color-selective
absorpt ion with surface plasmons, are able to generat e bright image on alarge screen with high
efliciency. in addition, neither color filters nor phosphors arc needed to generate the color. With
the incident beam of # 7° half cone angle, the color purity of this device can be as good asthe CR'}
displays, and the contrast ratio can reach over 200:1. System analysis shows that, for a color
sequential single panel 1.8 surface plasmon projector, the luminous efliciency can reach 3
1 umens/Watt.

1. Introduction

The market of projection display has been growing rapidly in recent years. Though the CR']’
projectors still leading the way, many flat panel projcctor models have been introduced.
While the brightness and efliciency arc still big concerns, many flat panel projectors sufter with
low manufacture yields and complex structures, which keep the prices high.

Here 1 introduce the surface plasmon (S1') projection displays, which are based on anew
])]ICI]OI]]CI]OI] ofvohagc-induccd color-selective absorption with surface p]aSI]]OIlS], is able 1o
achieve high brightness and high eflficiency. in addition, this device can generate the colors
without color fitters. The optical system is much simpler than the current pl-gectors, which can
reduce the size and manufacturing cost.

Itiswell know that, for prism coupling, S1' waves can be gencrated at a metal/diclectric
interface. At this SP resonance, the reflected light vanishes -- attenuated total reflection (ATRY
This resonance depends on the diclectric constants of both the metal and the dielectric. When a
voltage is used o change the diclectric constant of the diclectric, the reflected light can be
modulated®®. Becausc of their big birefringence, liquid crystals are among the best materials for
surface plasmon light modulator, A contrast ratio over 100 and spectral resolution better than 10
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lincs/mm had been reported for SP light modulator using laser beam®’.

1 awhitelight is used instead of the laser beam, then only these photonsin S1' resonance
range will be absorbed, and for those photons out of the resonance will be totally rcflcc.ted, which
means the reflected light becomes colored. Thisis so called S1' voltage-induced col or-selective
absorption. If avoltage is used to change the index of the liquid crystal, then the S1’resonance
will change, and {he reflected light will show the change of {he complementary ¢ olor. 1)epends
onthe metal film used, the S1' resonance could cover just 1/3 of the visible spectrum, which can

be used for atunable ficld sequential color filter, or cover al of the visible spectrum, which canbe
usedas alight modulators.

3.S1’ tunablecolor filter

The structure of S1' tunable color
filterisshown in Fig. 1. This tunable
colotfilter can replace the color wheel
used in other projection devices. The
incident p-polarized white light is
reflect ed three times by Unit - 1, Unit-2
and Unit-3 to provide the sequentia .
primary colors. initiadly, when the Unit-2
applicd voltages arc zero, Unit-1 is set at
SPiesonance of reel, Unit-2is set at S1 §
1esonance of green, and Unit-3 is set at
the S1' resonance of blue. All of the
visible lights are absorbed, and there is
no outgoing light. 1 a voltage is added
on Unit-1, them the red color isofl SI’ |
1esonance, the final outgoing light isred.

If a voltage isadded cm Unit-2 instead, o
then the green color isofl’ S17 resonance, Color sequential light

the final outgoing light is green. Same if

avoltage. is added on Unit-3instead,

thentheblue color is off S1' resonance, Fig. 1. Surface plasmon tunable color filter. The sequential
the final outgoing lightis blue. By pritnary colors arc generated by color substi action.
turning the voltage on these three units

on and of?" sequentially, we can generate

the sequentia primary colors.

White light

Unit-1

Unit-3

A theoretical calculation of three absorption curves at cach interface are shown in Fig. 2.
1 lcre the metal films arc multiple layer films to provide optimum spectrum range. At a given time,
only one absorption curve is being pushed off SP resonance, and the outgoing light show the
corresponding color. Theoretical calculation indicates that for an incident beam divergence of +7°




half cone angle the excellent colors can be generated. The color purities of the primary colors arc
shown in Fig. 3. as the heavy solid line, wc can scc the color purity is better than 27" CR'T display

(the light line.).
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Iig. 2. Absorption spectrum of
muitiple layer metal film.

If the S1' resonance is wide
cnoughto covelr all of the visible
specttum, a white light modulator can
be built. Fig. 4 show the theoretical
calculation of using rhodium-
aluminum two layer metal film
system, Without voltage, the S17
1esonance 1Sso wide that it covers all
of the! visible spectrum, and no hight is
reflected. When avoltage is applied,
the reflected light begins to increase,
and almost colorless. The highest
I‘CﬂCCliViiy is over 80°/0, and we have
g1 ey scales in between. The contrast

ratio can be better than 2.00:1.
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}ag 4 Theoretical calculation of reflectivily tuning
ability using Al-Rh film. When the index of liguid
crystalchangesfrom O to O, 11, thereflectivity changes
fiom O toover 80%




4. SI' sequential color projection display

A sequentia color S1' projection display Lamp== = -
shouldbe the first approach. Such a device can
gencerate bright image with simple structure. Itis
formed by adding a many-pixel unit to the tunable
color filter discussed above. This many pixel unit
used Rh-Al film, and it has S1’ resonance wide
enough to cover al of the visible spectrum, Yig. 5
shows t he structure of such adevice. The light Red
fromthe lamp is collected by the reflector and then
passes the front relay and the integrator to becomes
uniformly distributed collimated beam. Afier
passing the polarizer, the p-component of the light
beam isincident on the S1’ device, and being Blue—
reflected four times inside the glass prism. The first
three reflections function as atunable color filter to
provide the sequential primary colors (red, green
and blue), and upon the last reflection, the many
pixel unit creates the image. This image isthen
projected on a semen by the projection lens. To Projection lens
address the system, a semiconductor Chlp can be Fig. S'Single;mncl surface plasmon projector. ‘Lhe ﬁrsl}hrcc
used as the sabstrate for this many pixel Uit SUCh  honceen b image. + cuentiet color, te lastreflection
aprojector can gencrate very bright image since
these units arc working at the reflection mode, the substrate silicon is good heat conductor, and
another heat absorber can be attached to the silicon to extract the heat.

- Reflector

Front Relay

Integrator

——Polarizer

—

Green
o

—-- 8P device

Image

By using the new Philips 100-w lamp with polarization conversion, its luminous efliciency
can reach 3 Lumens/Wat t, which is better than many of the three panel 1.01 light valve
projectors. And the simple structure and compact size are the other important merits. Notice this
device isasequential color project or, which 2/3 of light islost. The efficiency and brightness will
be tripled if all of the colors arc used, as wc will discuss in the future.
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